The Centers for Disease Control and Prevention report that osteoarthritis affects 27 million adults in the United States. Glucosamine sulfate is a naturally occurring substance found in human cartilage and a precursor for glycosaminoglycans (GAGs). A combination of supplements, glucosamine and chondroitin sulfate, was shown in the Glucosamine/Chondroitin Arthritis Intervention Trial to aid moderate to severe osteoarthritic knee pain. 1 Open-angle glaucoma affects more than 2 million individuals in the United States, and this number continues to increase owing to the rapid aging of the US population. 2 Normal aqueous outflow of the eye is regulated by the content of GAGs. 3 Researchers postulate that excessive deposits of GAG in the trabecular meshwork restrict outflow. Another theory suggests that increased release of GAG into the aqueous causes an osmotic effect, drawing more water into the anterior chamber, thus causing swelling, a decrease in pore size, and eventual increased resistance to outflow. 3 Either of these proposed mechanisms could lead to an increased thickness of the pore lining and/or decreased outflow, resulting in increased intraocular pressure (IOP). Excessive glucosamine molecules may similarly elevate IOP.
The Centers for Disease Control and Prevention report that osteoarthritis affects 27 million adults in the United States. Glucosamine sulfate is a naturally occurring substance found in human cartilage and a precursor for glycosaminoglycans (GAGs) . A combination of supplements, glucosamine and chondroitin sulfate, was shown in the Glucosamine/Chondroitin Arthritis Intervention Trial to aid moderate to severe osteoarthritic knee pain. 1 Open-angle glaucoma affects more than 2 million individuals in the United States, and this number continues to increase owing to the rapid aging of the US population. 2 Normal aqueous outflow of the eye is regulated by the content of GAGs. 3 Researchers postulate that excessive deposits of GAG in the trabecular meshwork restrict outflow. Another theory suggests that increased release of GAG into the aqueous causes an osmotic effect, drawing more water into the anterior chamber, thus causing swelling, a decrease in pore size, and eventual increased resistance to outflow. 3 Either of these proposed mechanisms could lead to an increased thickness of the pore lining and/or decreased outflow, resulting in increased intraocular pressure (IOP). Excessive glucosamine molecules may similarly elevate IOP.
In a small retrospective clinical study, we examine the relationship between glucosamine supplementation and increased IOP in patients with glaucoma who supplement with glucosamine.
Methods | This retrospective study was reviewed by the University of New England College of Osteopathic Medicine Review Board Chair. Patients had been serially selected by their history of glucosamine supplementation and ocular hypertension (IOP >21 mm Hg) or established diagnosis of open-angle glaucoma, willingness to electively stop using glucosamine, IOP measurements at least 3 times within 2 years, and no concomitant changes in glaucoma medications or eye surgery.
For analysis, patients were divided into 2 groups: cohort A with between 1 and 3 previously measured baseline IOPs who then began glucosamine supplementation; and cohort B without preexisting IOP measurements prior to beginning glucosamine. Cohort A had IOP measured before glucosamine, while supplementing with glucosamine, and after discontinuing glucosamine. Cohort B had IOP measured only while supplementing with glucosamine and after discontinuing glucosamine. Statistical analysis used 2-way repeated-measures analysis of variance with 2-tailed t test.
Results | A total of 21 patients were identified, and 17 met inclusion criteria (6 men, 11 women; mean age, 76 years; age range, 62-90 years) (Table) . In cohort A (n = 11), IOP increased significantly from before glucosamine supplementation to during glucosamine supplementation (P = .001) and decreased significantly from during glucosamine supplementation to discontinuation of glucosamine (P = .002) (Figure, A) . In cohort B (n = 6), IOP significantly decreased in the discontinuation group (P = .008) (Figure, B ). In cohorts A and B combined, patients discontinuing glucosamine supplementation had significantly decreased IOP, with a mean (SD) change from 19.5 (3.4) to 16.7 (3.0) mm Hg OD (mean change, −2.8 mm Hg; range, −1.0 to −5.3 mm Hg) and from 20.3 (2.9) to 17.3 (2.4) mm Hg OS (mean change, 3.0 mm Hg; range, +0.5 to −9.5 mm Hg) (P < .001) (Figure, C). There was no significant difference between the left and right eyes in each patient for any of the categories or comparisons.
Discussion | The connection between glucosamine supplementation and increased IOP observed herein deserves further exploration. Of note, variables for which we did not account include glucosamine dosage, duration of treatment, brand variability (some are sold in combination with chondroitin sulfate), patients' lack of recalling deviation from recommended doses, and compliance variability. While the pathological process of chronic ocular hypertension is not completely understood, morphological changes in collagen may precede increases in IOP. Some postulate that normal aqueous outflow is regulated by the content of GAGs and formation of a viscous, elastic, gel-like substance that acts as a filtration system. 4 A critical level of hyaluronic acid may also be essential for maintaining a well-hydrated, semipermeable meshwork. 4 In vitro research on human eyes has found a decrease in GAG synthesis, particularly hyaluronic acid, in glaucomatous eyes compared with healthy eyes. 5 As mentioned, theories exist regarding an osmotic effect of GAGs leading to swelling and outflow resistance. 3 We hypothesize that discontinuation of glucosamine supplementation reduces IOP by mechanisms similar to those of discontinuation of corticosteroid treatment, which shows a similar effect. 6 Many questions are raised by glucosamine supplementation-associated IOP changes. This study shows a reversible effect of these changes, which is reassuring. However, the possibility that permanent damage can result from prolonged use of glucosamine supplementation is not eliminated. Monitoring IOP in patients choosing to supplement with glucosamine may be indicated. 
Progression of Diabetic Retinopathy in the Hypertension Intervention Nurse Telemedicine Study
Interventions to improve glycemic control reduce the progression of diabetic retinopathy. 1 Additionally, pharmacologic reduction of blood pressure (BP) in patients with diabetes mellitus and poorly controlled hypertension reduces the risk of worsening diabetic retinopathy. 2 Despite pharmacologic improvements, hypertension remains poorly controlled in approximately half of Americans with it. 3 The Hypertension Intervention Nurse Telemedicine Study (HINTS) investigated a telemedicine-mediated medication management and behavioral intervention for hypertension. Participants in HINTS (including nondiabetic individuals) with poor BP control who received combined medication and behavioral management demonstrated mean decreases in systolic BP of 15 mm Hg and 8 mm Hg at 12 and 18 months, respectively. 4 The purpose of the current analysis was to determine whether the interventions influenced the progression of diabetic retinopathy in participants with diabetes.
Methods | Eligibility criteria for HINTS included veterans having hypertension with inadequate BP control (average BP in past 12 months >140/80 mm Hg). Patients were excluded for hemodialysis or a creatinine level greater than 2.5 mg/dL (to convert to micromoles per liter, multiply by 88.4). All participants received home BP monitors. Participants were randomized to the following: (1) usual care;
(2) nurse-administered behavioral intervention;
(3) nurse-administered medication management; or (4) a combination of the 2 interventions (Table) . In institutional review board-approved secondary analyses of diabetic participants, a single chart abstractor (K.W.M.) determined the presence and severity of diabetic retinopathy at baseline and the most recent follow-up, as recorded by the eye care provider of record in the electronic chart. Eligible participants had at least 1 documented dilated examination prior to or within 2 months of enrollment and at least 1 subsequent dilated examination 365 days or later following enrollment. Progression was defined as one or both eyes moving 1 or more steps along the spectrum of retinopathy: none, mild nonproliferative, moderate nonproliferative, severe nonproliferative, proliferative, and visual acuity less than 20/60 in the better-seeing eye. Logistic regression was used to examine the association between progression of diabetic retinopathy and the intervention group, adjusting for baseline hypertension control and duration of follow-up.
Results | Of the 593 veterans enrolled in HINTS, 252 were identified as diabetic. Of the 194 participants meeting the additional criteria for documented eye examinations, 58 (30%) had diabetic retinopathy at baseline and 65 (34%) experienced progression of retinopathy in at least 1 eye at follow-up (mean [SD] followup, 1255 [344] days; median follow-up, 1310 days). After controlling for duration of follow-up, the odds of diabetic retinopathy progression were significantly greater among participants receiving usual care than among participants receiving medication management, either alone or in combination with behavioral management (odds ratio = 2.16; 95% CI, 1.03-4.52; P = .04), but not different from the group receiving behavioral management alone (odds ratio = 0.88; 95% CI, 0.40-1.95; P = .84).
Discussion | A nurse-administered medication management program facilitated by home BP monitoring was associated with decreased risk of progression of retinopathy in diabetic individuals with comorbid hypertension. Although intensive pharmacologic control of systolic BP (<120 mm Hg) may not be pro- 
